Air pollution at the single-particle level: integrating atmospheric measurements with mathematical models by Bhave, Prakash Viththal
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1.80 − 3.50 µm 1.80 − 3.50 µm 1.80 − 3.50 µm 1.80 − 3.50 µm
1.00 − 1.80 µm 1.00 − 1.80 µm 1.00 − 1.80 µm 1.00 − 1.80 µm
0.56 − 1.00 µm 0.56 − 1.00 µm 0.56 − 1.00 µm 0.56 − 1.00 µm
Sodium
Nitrate
Ammonium
Carbon
Dust
Many Types
Unclassified
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0.5 Vigilance 
Seed Vectors
5000 Particle
Vectors
Compute Euclidean 
angle between each 
particle and seed
Place particle 
vector in misc. group
Is maximum dot 
product at least 
0.7?
Associate each 
particle vector with 
nearest seed
Are all seeds 
associated with 
0.1% of particles
Remove unimportant 
seed vectors
Group particles 
according to seed 
class
Compare 
classifications with 
first tier results
Is classification 
accuracy at least
95%?
Stop
0.7 Vigilance 
Seed Vectors
Assemble and 
normalize seed 
matrix
Start
Normalize particle 
vectors
Selectively add 
seed vectors
NO
NO
NO
YES
YES
YES
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ATOFMS Measurements
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Unpaved
Road Dust
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P
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Chloride
0.1%
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Other
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K
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Si
23.8%
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Ca
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Al
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Organic 
Material
4.3%
Meat
Charbroiling
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1
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
100% of non−sea salt bkgd particles
11% of gasoline engine particles
35% of diesel exhaust
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s 
2
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
100% of aged sea salt particles
Cl
as
s 
3
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
73% of S−bearing fuel combustion particles
Cl
as
s 
4
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
88% of gasoline engine particles
53% of particles from misc sources
Cl
as
s 
5
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
65% of diesel engine particles
Cl
as
s 
6
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
100% of paved road dust particles
Cl
as
s 
7
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
24% of S−bearing fuel combustion particles
Cl
as
s 
8
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
100% of crustal material
Cl
as
s 
9
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
23% of particles from misc sources
Cl
as
s 
10
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
13% of particles from misc sources
Cl
as
s 
11
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
99% of food cooking particles
Cl
as
s 
1
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
100% of non−sea salt bkgd particles
35% of diesel engine particles
Cl
as
s 
2
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
100% of aged sea salt particles
Cl
as
s 
3
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
100% of paved road dust particles
Cl
as
s 
4
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
65% of S−bearing fuel combustion particles
Cl
as
s 
5
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
100% of crustal material
Cl
as
s 
6
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
56% of gasoline engine particles
46% of particles from misc sources
Cl
as
s 
7
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
54% of diesel engine particles
Cl
as
s 
8
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
40% of gasoline engine particles
12% of diesel engine particles
8% of particles from misc sources
Cl
as
s 
9
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
24% of S−bearing fuel combustion particles
Cl
as
s 
10
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
20% of particles from misc sources
Cl
as
s 
11
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
17% of particles from misc sources
Cl
as
s 
12
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
100% of food cooking particles
Cl
as
s 
13
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
8% of S−bearing fuel combustion particles
Cl
as
s 
1
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
99% of non−sea salt bkgd particles
42% of aged sea salt particles
reacted particles
of all types
Cl
as
s 
2
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
94% of crustal material
5% of particles from misc sources
Cl
as
s 
3
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
58% of aged sea salt particles
Cl
as
s 
4
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
85% of paved road dust particles
Cl
as
s 
5
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
10% of diesel engine particles
19% of gasoline engine particles
5% of particles from misc sources
Cl
as
s 
6
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
16% of gasoline engine particles
14% of particles from misc sources
Cl
as
s 
7
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
76% of food cooking particles
Cl
as
s 
8
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
13% of S−bearing fuel combustion particles
1% of non−sea salt bkgd particles
Cl
as
s 
9
OC EC Na Cl NH4SO4NO3 Al Ca Si K Fe trc
32% of particles from misc sources
Long Beach
1300PST, Sept 24 1996
Fullerton
1600PST, Sept 24 1996
Riverside
1600PST, Sept 25 1996
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Crustal material
Paved road dust
Diesel engines
Food cooking
Non−cat gasoline engines
Catalyst gasoline engines
S−bearing fuel & ind. sources
Other sources
Non−sea salt background
Aged sea salt
Long Beach
1300PST, Sept 24 1996
Fullerton
1600PST, Sept 24 1996
Riverside
1600PST, Sept 25 1996
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Crustal material
Paved road dust
Diesel engines
Food cooking
Non−cat gasoline engines
Catalyst gasoline engines
S−bearing fuel & ind. sources
Other sources
Non−sea salt background
Aged sea salt
Long Beach
1300PST, Sept 24 1996
Fullerton
1600PST, Sept 24 1996
Riverside
1600PST, Sept 25 1996
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